Chemical investigation of the gum resin of Ferula assa-foetida L. resulted in the isolation of a new sesquiterpenoid coumarin, 7-(((E)-5-((1S,3S,6S)-3,6-dihydroxy-2,2,6-trimethylcyclohexyl)-3-methylpent-2-en-1-yl)oxy)-2H-chromen-2-one (asimafoetidnol), together with several other known compounds. The structure of asimafoetidnol was established on the basis of spectroscopic analyses. Geometry optimization of the compound has been carried out using a DFT/B3LYP/3-21G* method.
Ferula assa-foetida (locally called "Hing") is a member of the family Umbelliferae. A native of Afghanistan, this plant also grows in the northern part of India (Kashmir) and Iran. It is herbaceous and perennial and grows up to two meters in height [1] . The gum resin of the plant enjoys a reputation as a folklore medicine. It is used as a sedative, anti-spasmodic, diuretic, and vermifuge [2, 3] , and is believed to increase sexual appetite [4] . The presence of asadisulfide and asasulfide are the key features for its characteristic aroma and taste [5] . Very recently, farnesiferol C, a compound isolated from F. assa-foetida, has been reported as an antiangiogenic as well as an anticancer agent [6] . The antioxidant activity of the methanol extract of F. assa-foetida has also been recently reported [7] . Besides these, several coumarins and sesquiterpenoid coumarins have been isolated from this species [8] [9] [10] [11] [12] . Recently, five compounds have been isolated from the ethyl acetate fraction of the ethereal extract of the gum resin of F. assa-foetida L. four of which viz. assafoetidnol [1] , saradaferin [10] , assafoetidin and ferocolicin [11] have already been reported. The present article deals with the isolation and characterization of the new sesquiterpenoid coumarin asimafoetidnol (1) (7-(((E)-5-((1S,3S,6S)-3,6-dihydroxy-2,2,6-trimethyl-cyclohexyl)-3-methylpent-2-en-1-yl) oxy)-2H-chromen-2-one). 324nm in the UV spectrum showed the presence of a typical 7-oxygenated coumarin [11] . The IR spectrum showed the presence of a hydroxyl group (3420 cm -1 ), carbonyl (1705 cm -1 ), olefinic moiety (1570 cm -1 ) and gem dimethyl (1400 and 1380 cm -1 ).
The presence of a coumarin moiety was confirmed by an AB system at C-4' (δ H 7.66) and C-3' (δ H 6.28, J = 9.5 Hz) in its 1 H NMR spectrum. The location of the oxygen substituent was also confirmed from the coupling pattern of position 6' and position 8' (Figure 1 ). The hydrogen at C-6' showed ortho as well as meta coupling (δ H 6.85, J = 8.8, 2.4), while the hydrogen at C-8' (δ H 6.88) underwent only meta coupling (J = 2.4 Hz) ( Table 1 ). The 13 C NMR spectra, including DEPT-90° and 135° experiments clearly showed the presence of four methyl, five methylene, and eight methine signals, the rest being due to quaternary carbons. Analysis of the 1 H NMR as well as the 13 Table 1 : NMR spectroscopic data of asimafoetidnol (1).
Figure 2:
Mass spectral fragmentation of 1.
spectra (Table 1) Correlation studies indicate a coupling of the C-10 proton to the most downfield methylene attached to oxygen and also to a methyl at 9a, along with methylene at position 8. So the structure of this part was: -O-CH 2 -CH=C(CH 3 )-CH 2 -. Looking at the mass spectrum of this compound, the fragment at m/z 171 (C 10 H 19 O 2 ) was due to the rest of the sesquiterpenoid moiety and the formula indicates the presence of a six-membered ring. Linking of the six-membered ring to the rest of the linear parts of the sesquiterpenoid moiety was established by HMBC (Table  1 ). This showed correlation of the methylenes at 7 and 8 with position 1 of the six-membered ring. Stereochemical disposition of the double bond as the (E) isomer was established from the vinyl methyl resonating position in the 13 C NMR spectrum (δ C : 16.3) [13] [14] [15] . Besides this, the 13 C NMR resonance of C-6b (δ C : 22.08) indicates a shielding to some extent and it was concluded that it had a trans geometry with respect to H-1 [13, 16] . The relative configuration was supported by a single irradiation NOE experiment. The key NOE enhancements (Figure 3 ) determined the orientation of the methyl and hydroxyl groups at position 6. The coupling constant in the 1 H NMR spectrum of the hydroxyl methine proton at position 3 suggests an equilateral assignment in asimafoetidnol (1). Our proposed stereochemistry gains support from the geometry optimization of the molecule by the DFT/B3LYP/3-21G* method, shown in Figure 4 , in which the hydrogen atoms of the structure have been suppressed in order to view the skeleton clearly. Obviously, the hydrogen atoms are very much present in their usual positions by valency. The atoms are numbered sequentially. Important distances for considering interaction of the cyclohexane substituent groups with the first side chain atom (28) are the following:
38(O) -28 (C) = 2.74Å, and 37(methyl C) -28 (C) = 3.92 Å. Clearly the -OH oxygen is closer to the side chain compared with the methyl group. The essential results from the calculation have been presented in Table 2 .
The predicted change in energy was -5.393303D-06 and E(RBLYP) = -1302.75500227 A.U. after 11 cycles. 
